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The fundamentals of Arithmetic which high school 
pupils must know in order to operate adding and calcu¬ 
lating machines• 
INTRODUCTION 
The introduction of office machine work into the 
commercial curriculum of our secondary schools Is a 
comparatively recent innovation. 
It is not a difficult task to add a column of 
figures on any of the modern machines. Little mathe¬ 
matical ability is required on the part of the operator 
to perform this process. When one attempts to teach a 
high school pupil to perform the more intricate problem 
of multiplying and dividing fractions, accumulating 
mixed numbers and handling discounts. It is often found 
that much time must be spent in explaining to the learner 
certain fundamentals of arithmetic. 
There Is no limit to the material which may be 
crowded into a course In commercial arithmetic. If the 
course is designed for a half year the problem is, what 
to Include and what to eliminate. Considerable emphasis 
is placed on the mathematics of bookkeeping, salesmanship 
and general business. Many of the simple principles of 
arithmetic may seem out of place in a high school course. 
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but a knowledge of these same fundamentals is of great 
importance to one who intends to master a calculating 
machine• 
Before one may become efficient in operating a 
calculator, long hours of drill are necessary. The 
program in an average secondary school does not afford 
sufficient time in which pupils may develop the degree 
of speed and accuracy required in a modern office. 
More emphasis and drill on the principles of arithmetic 
used in machine calculation would enable pupils to make 
more rapid progress in their machine work. 
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ADDITION 
Xt is interesting to watch a beginning pupil when 
he sits down in front of a machine and starts striking 
the keys at random* If the machine records the figures 
on a tape, in which case it is called a listing machine, 
you may detect from his expression that the figures 
have no meaning to him. Invariably the first question 
he will ask is MWhat will this machine do besides add”? 
Here is the teachers opportunity to create interest 
on the part of the learner by telling him that any 
adding or calculating machine will add, subtract, multi¬ 
ply and divide. The learner may be further impressed 
if you explain to him that there are only two basic 
operations, addition and subtraction, that multiplica¬ 
tion is repeated addition and division is only repeated 
subtraction. If he recognizes these two fact$ many of 
the mechanical operations he will need to know may be 
solved without further help and he will become more 
self-reliant. 
A greater part of all the work done on machines is 
addition. So long as we add whole numbers, or confine 
our column to a uniform decimal, as tenths or hundredths, 
the learner will experience little difficulty beyond a 
lack of mechanical touch and rhythm. These factors are 
acquired by constant drill. It is when the beginner 
attempts to add decimals of varying denominations that 
he is confronted with his first mathematical problem. 
Here he must first visualize his problem as a whole. 
A simple problem in addition may suffice to teach 
a beginner the necessity of forming a mental picture of 
what a machine must do to compensate for the lack of 
uniformity in the decimals. 
Let us take a simple problem in addition and con¬ 
sider the simple mathematics involved. 
Add: 47.23, 618, 3.407, .19, .0734 and 1.1 
The learner will invariably use the four right hand 
columns on the machine since four is the maximum number 
of digits in the problem. 
His result would be the problem shown in (a) 
(a) 47.23 
;618 
3.407 
.19 
.0734 
9501 
Many of the modern listing machines show a permanent 
decimal point two places from the right to indicate 
dollars and cents. Many calculators have a moveable 
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indicator to show the decimal point. If the pupil in 
question has a listing machine,he will submit 95.01 as 
his answer. If he is doing his work on a calculator 
equipped with the moveable indicator, he will be con¬ 
fused as to the exact location of the point. 
Two terms in which the pupils should be drilled 
in his arithmetic work ares 
a. Observe 
b. Approximate 
As t he pupil proceeds in his problem work the 
necessity to observe and approximate becomes increas¬ 
ingly important. 
The pupil should observe this problem in its 
entirety and observe that the largest decimal numeri¬ 
cally is ten-thousandths and that he must have a maximum 
of four places beyond the decimal. He may then place 
the mechanical pointer four places from the right before 
he records any numbers In the machine. In machine termi¬ 
nology this is known as the fixed decimal. 
The machine will then add the column as it appears 
in problem (b) 
(b) 47.2300 
618.0000 
3.4070 
.1900 
.0734 
668.9004 
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Teachers of arithmetic cannot emphasize too strongly 
the value of "approximating” in mathematical work* If a 
pupil has formed the habit of approximating his work, he 
will be able to detect gross errors due to faulty machine 
operation* An approximation of the above problem would 
show immediately that there will be three digits to the 
left of the decimal point and that the answer will be 
somewhere between 600 and 700* 
■ 
7 
SUBTRACTION 
There are two ways by which a machine may subtract, 
namely by the direct subtraction method and by the com¬ 
plement method. If a pupil is working on a machine 
which subtracts by the direct method no mathematics is 
required since he will merely press the — or subtract 
bar and the machine will automatically perform the opera¬ 
tion. In operating a machine which uses the complementary 
method of subtraction the operator must know what a com¬ 
plementary number is and how to read a complementary 
number before he can apply this method to machine calcu¬ 
lation. 
There are several definitions of a complement but 
one which is readily understood by high school pupils is 
that the complement of a given number Is the difference 
between the given number and ten or any power of ten 
depending upon the number of digits in the given number. 
The complement of a one digit number is the difference 
between that number and ten, the complement of a two digit 
number is the difference between that number and one 
hundred and so on Indefinitely. It is easy enough for the 
average high school pupil to figure mentally the comple¬ 
ments of one and two digit numbers; it is when he must 
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record in the machine the complement of numbers having 
three or more digits that he experiences difficulty* 
If he resorts to paper and pencil he defeats the aim. 
of machine calculation which is speed. Previous 
drill in reading complements would enable a pupil to 
progress more rapidly. It is at this point where the 
machine instructor is often compelled to spend consid¬ 
erable time teaching the pupil to read complements 
rapidly. 
In finding the complement of a number composed of 
several digits, a pupil must be able to read a comple¬ 
ment as readily as he reads the given number. The 
following example will show how this may be done. 
To find the complement of 41072. If the pupil has 
had no training in reading complements he will subtract 
41072 from 100,000 in his mind. The average high school 
pupil will not succeed. 
The conventional way of subtracting is to start at 
the right and work towards the left. In finding comple¬ 
ments the minuend in our problem will be made up of 
ciphers except the extreme left hand figure which will 
always be 1. One may readily see that the extreme 
right hand digit of the subtrahend will always be 
9 
subtracted from ten and the remaining digits in the 
subtrahend will be subtracted from nine. To read a 
complement and place it in the machine with a mini¬ 
mum amount of time a pupil should be taught to start 
at the left and subtract each digit of the subtrahend 
from nine until he reaches the right hand digit which 
must be subtracted from ten. 
In finding the complement of numbers ending in a 
cipher, or ciphers, a pupil must realize that the last 
digit before the cipher, or ciphers, is the digit to 
be subtracted from ten and the remaining cipher, or 
ciphers, are merely brought down in the remainder. 
This fact is very important when one has to subtract 
numbers which are powers of ten, (10, 100, 1,000 etc.) 
especially when operating a key driven calculator. 
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The following diagram represents a part of the 
keyboard to a modern key driven machine and will show 
the close relationship between complementary numbers 
and machine calculation. 
/ 
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It will be noticed that on each key the sum of the 
large digit and the small digit is always nine* There 
is a slight variation in the mechanical operation of the 
several key driven calculators when subtracting but the 
basic principle of complementary numbers is the same on 
all. 
Given the following problem 
475 
-142 
Place 475 In the machine and strike out 1 less than 
142 (141) in the small digits and complete the mechani¬ 
cal operation required for the type of calculator at 
hand. You will notice that the small digits 141 are the 
keys with the large digits 858 the complement of 142. 
Given the problem 
475 
-100 
Place 475 in the machine. Next is the step to 
strike out 1 less than 100 (99) in small numbers. A 
glance at the key board will show that there are no 
small 9*s. If the pupil understands complementary num¬ 
bers, he will readily see that he must strike out the 
9 in the third column from the right and complete the 
required mechanical work. 
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Certain machines are especially adapted to certain 
types of work. Some are used primarily for multiplica¬ 
tion and division while others are better suited for 
addition. In many small offices where only a limited 
equipment is available an office employee may be obliged 
to use one machine for all types of work. It may happen 
that the one machine is of the type which will show a 
credit, or minus, answer in the complementary form. 
The following problem will illustrate this point. 
$ 714.14 
81.12 
600.00 - 
11.00 
310.00 - 
85.25 - 
999811.01 
The pupil must disregard thenines and read $188.99 
cr. as the answer. 
In a longer problem, where it is more difficult to 
approximate the result, a pupil may well wonder how to 
determine whether or not one of the 9fs should be a part 
of his credit, or minus, answer. Complementary numbers 
will again aid him in his work. 
The following problem will illustrate how a machine 
of this type would show a 9 as the first digit in a 
credit, or minus answer. 
15 
$ 4054.90 
7203 #95 - 
7080.01 - 
4054.90 
| 990811.01 
The two 9*s will be disregarded and the answer 
read as $9188.99 credit. 
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MULTIPLICATION 
When one attempts to multiply on a modern adding 
or calculating machine a thorough knowledge of short 
cuts is essential to maximum efficiency* The learner 
has already been told that multiplication is simply 
repeated addition, his problem now is to perform the 
required task in as short a time as possible with the 
lowest number of mechanical operations* 
The terms ttobservew and "approximate" are very 
important in multiplication. A machine operator should 
observe the problem and determine how it may be per¬ 
formed with a minimum of mechanical procedure. When 
multiplying two numbers we know that the number of 
mechanical operation is determined by the sum of the 
digits in the multiplier, and we should select as our 
multiplier that factor which will require the least 
amount of mechanical work. 
A problem in multiplication is performed by a 
machine in the following manner: 
875 x 29 
Using 875 as the multiplier the machine would 
perform the following operations. 
i 5 
29 
29 
29 5 
29 
29 
290 
290 
290 
290 7 
290 
290 
290 
2900 
2900 
2900 
2900 8 
2900 
2900 
2900 
2900 
25375 
Twenty mechanical operations were required in 
working this problem before obtaining the answer. 
Had 29 been used as the multiplier the problem 
could have been worked in much less time and with fewer 
mechanical steps. 
875 
875 “ 
875 
875 
875 9 
875 
875 
875 
875 
8750 2 
8750 
25375 
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Eleven mechanical operations were required before 
obtaining the answer. 
With a thorough understanding of the mechanical 
procedure and a knowledge of short cuts in arithmetic 
the problem could have been worked in the following 
manner. Since 29 is 1 less than 50, multiply 875 by 
30 and subtract 875. What the machine would actually 
do may be shown as follows: 
8750 
8750 
8750 
875 - 
25375 
In such routine office work as checking extensions 
and accumulating pay rolls, time and labor may be saved 
if an operator is able to determine immediately the 
method of operation which requires the smallest number 
of mechanical operations• 
Since much of the multiplication in general office 
work involves mixed numbers it is well to consider at 
this time, the manner In which fractions are handled in 
machine calculation. 
All fractions must be changed to their decimal 
equivalent before they can be used on office machines, 
consequently a knowledge of decimal equivalents is 
imperative. In addition to a knowledge of decimal 
equivalents, an operator must be thoroughly acquainted 
with the manner of dividing and multiplying decimals 
by ten or any power of ten by simply moving the decimal 
point a required number of places to the right or left 
as the problem may require. Such a problem as making 
extensions on a bill may show the need for such drill 
in fundamentals. 
16 3/8 yds. @ 14i^ 
26 1/2 yds. @ 11^ 
19 yds. @ 10f^ 
To accumulate the above problem an operator must 
visualize the problem as it will appear in the machine. 
He must recognize the fact that the greatest number of 
figures to the right of the decimal in any individual 
part is four. On a machine which has a moveable decimal 
indicator the operator may set the indicator four places 
from the right; if one is using a machine which has no 
such device he will have to assume the 4th position 
from the right to be the permanent decimal. 
The following illustration will show how an adding 
or calculating machine would accumulate the bill. 
The problem will be set up in the machine as follows 
16.375 x 14.5 
26.5 x 11 
19 x 10.5 
We must keep in mind that we are to use as the 
multiplier that factor which will require the least 
mechanical effort. The following illustration will 
show how a machine will perform the required work. 
Assume that the work is done on an eight column machine 
equipped with a moveable decimal indicator 
1 6 3 7 5 
1 6 3 7 5 
1 6 3 7 5 
1 6 3 7 5 
1 6 3 7 5 
1 6 3 7 5 
1 6 3 7 5 
1 6 3 7 5 
1 6 3 7 5 
1 6 3 7 5 
2 6 5 
2 6 5 
1 9 
1 9 
1 9 
1 9 
1 9 
1 9 
0 7 2 8.4 3 7 5 
The answer will be read as $728.44. 
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DIVISION 
The pupil has already been told that division Is 
repeated subtraction* There are two ways of accom¬ 
plishing machine division; one method known as the 
stroke wheel or graphic method is used when dividing 
on a key driven calculator; the second method, known 
as the reciprocal method of division, is often used 
when dividing on a listing machine. High school pupils 
often experience considerable difficulty in mastering the 
stroke wheel method but since these difficulties encoun¬ 
tered are mechanical rather than mathematical they may 
well be omitted from this paper. 
A pupil must know what a reciprocal is and how it 
is related to division before he can thoroughly under¬ 
stand its application to machine work. A simple 
definition and problem will suffice. 
The reciprocal of a given number is that number 
which multiplied by the given number equals 1. Since 
.25 x 4 : 1, .25 is the reciprocal of 4. 
32 + 4 s 8 
32 X- .25 = 8.00 
Prom the illustration above it can be seen that to 
divide by a certain given number, or to multiply by the 
20 
reciprocal of the given number, will give the same 
result* 
A pupil will not work many division problems by 
the reciprocal method before he realizes that this 
V 
method of dividing is not a satisfactory method to 
emphy on a machine of small capacity. Let us take 17 
as a divisor and see how the accuracy of the quotient 
is dependent upon the number of digits used in the 
* * 
reciprocal. 
83252 -*-17 = 4896 
, • * 
* 
The reciprocal of 17 is *058823—* Three separate 
■ 
problems, using in the first only three digits of the 
reciprocal as a multiplier, in the second four digits 
and in the third five digits will give varying results. 
83232 x .058 ; 4827.456 
83232 x .0588 = 4894.0416 
83232 x .05882 * 4895.70624 
It Is apparent, from these three problems, that a 
ten column machine would be necessary in order to 
obtain a complete and accurate answer to a majority of 
the problems in division which occur in business. The 
type of problems peculiar to a certain business and the 
degree of accuracy demanded are determining factors in 
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selecting the types of machines found in business offices* 
Manufacturers of the machines which use the recip¬ 
rocal method of division will supply a perchaser with a 
seven place table of reciprocals from 1-10,000* In 
order to use this table intelligently an operator must 
be able to determine, rapidly and accurately, the recip¬ 
rocal of decimals as well as of whole numbers* To 
determine the reciprocal of decimals one must follow a 
definite procedure. For each place that the decimal 
point appears to the left in a given number move the 
decimal point in the reciprocal a corresponding number 
of places to the right, as illustrated by the following 
problem. 
The reciprocal of 126 is .00795— 
To divide 26964 by 126 multiply 26964 x*.00795 
To divide 26964 by 12.6 multiply 26964 x .0795 
To divide 26964 by 1.26 multiply 26964 x .795 
To divide 26964 by .126 multiply 26964 x 7.95 
To divide 26964 by .0126 multiply 26964 x 79.5 
To divide 26964 by .00126 multiply 26964 x 795 
When dividing by the reciprocal method one must be 
careful not to exceed the capacity of the machine. If 
a problem must be reduced in order to fit into a machine 
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it must be so arranged that all digits eliminated from 
the answer be taken from the decimal rather than from 
the number of whole units* The following illustrative 
problem will show clearly how such an adjustment may be 
made • 
Problems 
Divide $43,286*54 by 87 on a ten column machine 
using the reciprocal method of division. The recip¬ 
rocal of 87 is *011494—• If the six digits in the 
reciprocal sire used the machine will give the following 
product: 
4328654 x 011494 * 9753549076 
Since there are two places to the right in the 
multiplicand and six in the multiplier most high school 
^ pupils will place the decimal point in the product 
eight places from the right and read the answer as $97.54. 
Had the pupil been taught to approximate problems in 
division he would have realized instantly that his answer 
is incorrect. 
To approximate this problem notice that 87 will not 
go into 4, neither will it go into 43 but it will go 
into 432 four times and since there are two remaining 
digits before the decimal point in the dividend, there 
will be three figures before the point in the answer 
the first figure being 4* One should realize at a 
glance that the answer is to be four hundred plus and 
that the result obtained when using a six place recip¬ 
rocal does not give the proper number of whole units* 
In order to keep within the capacity of the machine 
and reduce the decimal part of the answer drop the 
sixth digit (4) from the reciprocal and we have 
4528654 x 01149 = 4973623446 
Placing the decimal point seven places from the 
right the pupil will read $497*36 which is correct* 
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DISCOUNT AND PER CENT 
Because of the close relationship between dis¬ 
count and per cent we may well include the two in a 
single section. 
A pupil learning to operate adding and calculating 
machines must realize that the term per cent and the 
term hundredths are synonymous: he must understand that 
any decimal may be changed to per cent by moving the 
decimal point two places to the right and adding the 
$ sign, and conversely to change from a decimal to per 
cent move the point two places to the left and add the 
$ sign. The terms gross and net must be understood. 
The volume of work which an operator is capable of pro¬ 
ducing is dependent largely upon his ability to visu¬ 
alize an entire problem as it will be done by the machine 
in the shortest possible manner. A knowledge of the 
various arithmetical short cuts is of great importance. 
The value of mental arithmetic in solving discount 
problems may be illustrated by taking a typical invoice 
and deducting a variety of single discounts. 
To find the net amount of an invoice when the gross 
amount $450.00 is subject to a. 2$ discount, b. 15$ 
discount, c. 20$ discount. 
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a. With a single discount of 2# we may multiply 
$450.00 x .98, multiply $450.00 x .02 and subtract the 
product from $450.00 or subtract .01 of $450.00 two 
times. The learner will have had considerable drill in 
machine operation before he attempts to work problems 
in discount and per cent and should realize that the 
third method is the most effecient. Using the rule 
which states that to multiply a number by .01 simply 
» 
move the point two places to the left, he will then set 
the problem in the machine in the following manner. 
$450.00 
4.50 - 
4.50 - 
$441.00 
b. With a single discount of 15# we may multiply 
$450.00 x .85, multiply $450.00 x .15 and subtract the 
product from $450.00 or break the 15# into two discounts, 
10# and 5#, which may be easily handled by applying one 
of the simple rules of arithmetic. Ten per cent is equal 
to l/lO and to find l/lO of a number simply move the 
decimal point one point to the left. Since we are 
finding 10# and 5# of the same number, after we have the 
value of 10# recorded we may obtain the value of 5# by 
mental arithmetic. The machine will perform the problem 
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in the following manners 
#450.00 
45.00 - 
22.50 - 
#382.50 
c. In this problem there are two short methods of 
l 
performing the required work on a machine. 
(1) We may call the 20# two discounts of 10# 
and 10# since both will be deducted from the 
same amount. The problem will then appear as 
#450.00 
45.00 - 
45.00 - 
#360.00 
(2) We may call the 20# the fraction l/5. The 
problem will then appear as 
$450.00 
90.00 - 
$360.00 
The method selected when working problems in 
discount and per cent may depend upon several principles. 
By what number are we to divide mentally? If the dis¬ 
count in problem c had been 12j#, which when changed to 
its fractional form is l/8, it would be impractical to 
use method #2 asmany high school pupils find it difficult 
to divide mentally by digits greater than 5. Had the 
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gross amount of the invoice been $168.79 it would be 
impractical to change the 20$ to l/5 as many pupils 
cannot perform the mental division when the dividend 
is composed largely of odd numbers. Continued practice, 
however, would tend to eliminate this difficulty. 
A series of discounts may present new situations 
t 
calling for new and varied arithmetical procedures, as 
T 
may be shown in the following problem. 
Find the net amount of an invoice if the gross 
amount, $618.00 is subject to discounts of 25$ - 10$ 
and 4$. 
The pupil should realize that the discounts are 
interchangeable and that he should select the discounts 
in accordance with the ease in which they may be 
handled on the machine. Expressing the 10$ and the 
25$ in fractional form we have l/lO and l/4 respectively. 
The l/lO may be recorded easily by moving the decimal 
point, and the l/4 may be used mentally. The problem 
will appear in the machine as 
$618.0000 
61.8000 - 
556.2000 
159.0500 - 
$417.1500 
4.1715 - 
4.1715 - 
4.1715 - 
4.1715 - 
$400.4600 
I 
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It is impossible to illustrate the multitude of 
possible combinations which may confront a machine 
operator during a day’s work. The problems shown here 
give some idea of the importance of the simple rules 
of arithmetic necessary for the accurate and rapid 
operation of discount and per cent problems* 
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PRICE PER C. M. CWT. AND T. 
An invoice may contain a list of merchandise 
expressed in various units which are designated hy 
accepted abbreviations* It is In work of this type 
that mental ability and an understanding of short cuts 
in arithmetic are essential to maximum speed and effi¬ 
ciency of operation. Such a problem as the following 
invoice will illustrate the variety of arithmetical 
calculations which may be applied to reduce the number 
of mechanical operations. 
Find the net amount of the following invoice 
subject to a discount of 2% for cash. 
#1 2164 lbs. of bone meal @ $2.86 per cwt. 
#2 3250 lbs. of hay ® $18.50 per T. 
#3 225 1 lb. cartons @ $9.00 per M. 
#4 550 Shipping tags @ $1.50 per C. 
The operator must recognize the price units as 
hundred weight* ton* thousand and hundred. 
In item #1 the unit price is per hundred weight 
hence we must place the decimal point in the number of 
lbs. two places to the right, which is the same as 
dividing by one hundred. We then have 
21*64 x $2.86 
so 
In Item #2 the unit price is per ton* This item 
requires considerable mental arithmetic before placing 
i 
the problem in the machine* If there were only one 
thousand lbs* in a ton we would simply place the decimal 
point in the 3250 lbs* three places to the left in order 
to change from lbs* to tons* Since there are two thou¬ 
sand lbs* in a ton we must divide by 2 in order to change 
from lbs* to tons* The division should be done mentally 
as the operator proceeds with the problem. We then have 
1.625 x #18.50 
In item #3 the price unit is thousand* Move the 
decimal point in the 225 lbs* three places to the left 
and we have 
•225 x $9.00 
In item #4 the price unit is hundred. Move the 
decimal point in the 550 two places to the left and we 
have 
5*50 x $1*50 
In item #1 there will be four digits to the right 
of the decimal point In the product. In item #2 disre¬ 
gard the cipher in the unit price and there will be four 
digits to the right of the decimal point in the product. 
In Item #3 eliminate the two ciphers in the unit price 
and there will be three digits to the right of the 
u 
decimal point in the product. In item #4 eliminate the 
cipher in each factor and there will he two digits to 
the right of the decimal point in the product. Since 
no decimal exceeds four digits each individual problem 
must be placed in the machine so that the decimal point 
will be four places from the right. The problem now 
is one of accumulation with a deduction of 2% from the 
total. A machine would accomplish the work in the 
following manner. 
32 
2 8 6 
2 8 6 
2 8 6 
2 8 6 
2 8 6 
2 8 6 
2 8 6 
2 8 6 
2 8 6 
2 8 6 
2 8 6 
2 8 6 
2 8 6 
18 5 
18 5 
18 5 
18 5 
18 5 
18 5 
18 5 
18 5 
18 5 
18 5 
18 5 
18 5 
18 5 
18 5 
9 
9 
9 
9 
9 
9 
9 
9 
9 
5 5 
5 5 
5 5 
5 5 
5 5 
1022279 Sub total 
1 0 2 2 2 — 
1 0 2 2 2 - 
1 0 0.1 835 = $100.18 Net. 
CONCLUSION 
This paper has discussed the fundamentals of arith¬ 
metic which a high school pupil should know in order to 
attain a satisfactory degree of proficiency in operating 
adding and calculating machines. When reading the 
discussion, one must be aware of the mechanical skill 
necessary for perfection and realize that such skill 
may come only after long hours of drill. In presenting 
the material, attention has been directed to the manner 
in which the various types of problems are registered 
in a machine. 
A thorough knowledge of the principles of arithmetic 
Involved, and a complete understanding of their applica¬ 
tion to machine calculation should enable a pupil to 
adapt these principles to the problems of any special 
business. 
Approved by 
, r 
l 
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